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SIMULATION OF THE DYNAMIC PERFORMANCE OF A VARIABLE WIDTH
CANTILEVER SUCTION VALVE USING COMPUTER GRAPHICS

G. W. Gatecli ff, Chief Research Engineer
H. s. Henry, Hechani cal Engineer
Tecumseh Products Research Laborato ry, Ann Arbor, Michigan

ABSTRACT

the result of these idealiza tions.

The results of a mathema tical analysis of the
forced vibratio n of a variable width cantilever leaf valve are presen-te d. The timedependen t behavior of the valve is simulated with the aid of compute r-genera ted
images displaye d in rapid sucessio n on a
cathode ray tube. A sequence of photographs illustra ting the highligh ts of one
such animatio n is included .
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A typical suction valve has two sets of
boundary conditio ns. The first pertains to
a clamped -free beam and applies when the
valve is neither in contact with its seat
nor stop (see Figure 1) .

INTRODUCTION
Automat ic reed valves are commonly used in
hermetic compres sors. They are found in
many geometri c configur ations and are intended to function in such a way that the
working fluid passes in a single directio n
through an associat ed port. Actual behavior is a function of fluid forces acting
externa lly, flexural forces develope d internally, constrai nts limiting the motion and
the mounting arrangem ent.
Numerous analyses of the forced vibratio n
of flapper valves have been undertak en in
the past. Early work in this area assumed
the leafs to be cantilev er beams of uniform width (1,2).
Subseque nt studies dealt
with non-unif orm cross sections and practically signific ant stop configur ations ( 3, 4) •
Work of this type is highly mathema tical in
nature. The results are often volumino us
and difficu lt to visualiz e in tabular form.
Graphica l techniqu es offer a way to overcome this obstacle to understa nding. A
case study utilizin g this approach is presented here.
A cantilev er leaf valve is commonly analyzed as a non-unif orm bar in transver se
vibratio n. The cross-se ctional dimensio ns
of the valve are commonly assumed to be
small in comparis on with its length. Fluid
forces acting on the reed are consider ed
to be point loads applied at the ports.
The beam equation describi ng the behavior
of the valve assumes the followin g form as

Figure 1
Clamped free:
y(O,t)

=

0

oY(O,t)

ax

a2 y(L,tl = 0
ox 2

=

O

The second defines a clamped- pinned beam
and describe s a valve in contact with a
tip stop (see Figure 2).
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Figure 5 illustrates the limitations
placed on the motion of the valve tip.
The lower restriction is due to the valve
plate and acts along the entire length of
the valve. The upper limit is imposed by
a tip stop designed to limit the motion of
the valve.
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The approach discussed in Reference 3 was
employed to produce the results presented
here. A short-form outline of this technique may also be found in Reference 5. The
reader wishing this type of information is
referred to these works where the subject
is dealt with in its entirety.
This procedure has the effect of lumping
the mass into discrete elements distributed
along the length of the beam as shown below:
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Figure 5
Each of the photographs labeled as Figures
6-31 is a separate position selected from
an animation of the valve's motion. The
pictures show
motion of the valve during
one revolution of the crankshaft. Each
picture was produced by photographin~ the
screen of a CRT terminal driven by a
digital computer.

Figure 3
The constraints shown in Figure 3 are those
imposed by the valve plate and the tip
stop. These restrictions place the
following mathematical limitations on the
motion of the valve:

Figure 6
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A bounce type of analysis is employed whenever a violation of the position constraints
is encountered.

The suction valve pictured in Figure 4 is
the subject of this study.
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LIST OF SYMBOLS
(x-x.) -Kron ecker delta equati on; define d
J
as 0 for x ~ x., equal to 1 for
X"'

X.

J

J

E

Modulu s of elasti city

F. - Amplit ude of force at distan ce x.
J
from base of valve
J
Figure 29

I (x) - Area moment of inerti a about
the
neutra l axis
m(x) - Hass per unit length
t - Time
X

- Distan ce from base of valve

x. - Distan ce from base of valve to
J
force F.
J
y - Valve deflec tion

Figure 30
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Figure 31
The simula tion predic ts three impact s between the valve and the stop during each
revolu tion of the cranks haft. The first
two intera ctions with the stop produc e a
notice able amount of "overs hoot" or
"rever se bendin g" in the body of the valve.
The third intera ction is much less violen t.
Figure s 10-15 illust rate succes sive positions of the travel ing displac ement_ wave
genera ted during the first colliso n of the
valve and stop. Figure s 18-21 illust rate
an identi cal sequen ce of events arisin g out
of the second impact with the stop. The
result ing waves travel along the length of
the valve simila r to those in a "pluck ed
string " held taut.
CONCLUDING REI'IARKS
The proced ure illustr ated here is a genera lized techni que that can be applie d to a
valve of any shape that can be descri bed
mathem aticall y. The use of compu ter graphics as an output medium provid es an immediate feel for the calcul ated solutio n and
the insigh t it offers .
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